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Abstract 
Graphene layer is successfully grown on insulated sapphire substrate through depositing a SiC buffer layer and 
annealing at high temperature with solid source molecular beam epitaxy (SSMBE). The structural properties of the 
epitaxial graphene layer are characterized by reflection high energy diffraction (RHEED), Raman spectroscopy and 
near edge X-ray absorption fine structure (NEXAFS). Graphene diffraction streaks hve been seen in RHEED. The 
Raman and XEXAFS results reveal that well-order graphene layer adhere to the substrate surface. 
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1. Introduction 
 Due to its remarkable electronic properties, like the exceedingly high charge carrier mobility and the 
occurrence of Dirac fermions, graphene has attracted much attention as a potential material for the next generation 
of electronic devices [1]. Since the discovery of isolated graphene through mechanical exfoliation of highly oriented 
pyrolytic graphite (HOPG) [2], a number of methods have been explored to produce this material. These include 
reduction of graphene oxide[3], chemical vapor deposition of hydrocarbons on transition metal surfaces [4,5], 
splitting carbon nanotubes to form graphene ribbons[6] and the ultrahigh vacuum (UHV) decomposition of Į-SiC 
wafers [7]. Though, UHV annealing of single crystal Į-SiC substrates have been demonstrated to be one of more 
reliable ways to produce high quality graphene flims [8], commercial SiC wafers remain limited in size and 
expensive. These could be seen as a major risk for the development of graphene based devices.  
To solve this problem, considering Į-SiC thin films could be easily grown on insulted sapphire substrates [9], 
we present a route of graphene growth on sapphire substrates through SiC thin films epitaxial on sapphire substrates 
and then annealing at high temperature. Not only sapphire substrat is cheaper than SiC single crystal wafer, but also 
it is easy to obtain patterned graphene by using semiconductor technology as shown in Figur1.  
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Figure 1: Schematic of synthesis and etching for patterned graphene films: (a) SiC thin layers growing on sapphire 
substrates, (b) etching any patterning on SiC layers, (c) annealing at high temperature 
 
2. Experimental 
The sample was prepared in a MBE system equipped with a RHEED with base pressure of 6.0h10-8 Pa. Si 
source with purity of 99.999ˁ and C source with purity of 99.999ˁ were both supplied by e-beam evaporator [10]. 
The deposition rates of Si and C were measured by quartz crystal oscillators (MAXTEKTM-350) with the precision 
of 0.1 nm. The sapphire substrate was cleaned by chemical method, namely: dipped in acetone and alcohol for 5 min 
in order to remove grease, respectively; then, rinsed several times with deionized water. After dried in a flux of N2, 
the sample was placed into the chamber immediately. At first, a SiC thin film with the thickness of around 5 nm was 
grown on the sapphire substrate at 1100ć with the deposition rates of Si and C atoms were around 0.3 nmgmin-1. 
Then, the temperature increased to 1300ć in 20 min and the sample was in-situ annealed at 1300ć for 5 min. 
Finally, the sample was cooled down to room temperature in 60 min. During the deposition and annealing, the 
sample surface was in situ monitored by RHEED, which was operated at accelerating voltage of 21 KV and ejecting 
current of 50PA . Raman was taken by using Ar ions laser with a wavelength of 514.5 nm. The XPS measurement 
of the sample was carried out with use of Al KĮ (1486.6eV) excitation source at photoelectron spectroscopy station 
of National Synchrotron Radiation Laboratory (NSRL), China. The C K-edge NEXAFS measurements were 
performed in the total electron yield detection mode at room temperature on beamline U19 at NSRL. 
3. Results and discussion 
Figure 2: RHEED patterns acquired along the [1-100] azimuth: (a) sapphire substrate cleaned by organic 
solvent (b) showing the formation of SiC buffer layer at 1100ć (c) appearing graphene diffraction streaks after 
annealing at 1300ć  
Figure 2 shows a series of RHEED patterns acquired along the [1-100] azimuth in the process of the sample 
preparation. As shown in Fig.1 (a), a clean sapphire substrate was observed after cleaning. Following a few minutes 
of Si and C co-deposition at 1100ć, the diffraction streaks of sapphire washed out. Then, the sharp diffraction spots 
of SiC appeared in [1-100] azimuth [Fig.1 (b)] and [11-20] azimuth [not shown], which denoting SiC buffer layer 
growth on the sapphire substrate. Analysis of the diffraction pattern spacing of the SiC buffer indicated a lattice 
spacing of 0.307 nm, consistent with a 6H-SiC structure. After annealing at 1300ć, as shown in Fig.1 (c), the SiC 
streaks became obscure, but a new diffraction rod could be found inside SiC diffraction steaks. Kulber et al. [11] had 
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observed that very clear diffraction streaks appear beside the SiC diffraction streaks in [1-100] azimuth when 
ultrathin graphite layers in heteroepitaxial growth on Į-SiC (0001) crystals by high temperature annealing. Thus, the 
appearance of the new diffraction streaks observed in Fig.1 (c) reveals that graphene layers adhered to sapphire 
substrate. To confirm the RHEED results, the sample also was characterized by Raman, XPS and NEXAF.  
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Figure 3: Raman spectra of HOPG (a), the graphene growing on sapphire (b) and epitaxial graphene on 6H-
SiC(0001) surface (c)  
 
Recently, Raman spectroscopy has been extensively utilized as a convenient technique for identifying graphene 
layers [12-15]. Figure 3(a), (b) and (c) shows the Raman spectra of HOPG (spi-1), the sample of graphene grown on 
sapphire (subtracting sapphire substrate signal) and the sample of epitaxial graphene on 6H-SiC(0001) surface from 
literature [7], respectively. As shown in Fig.3 (a), the Raman spectrum of HOPG had two fingerprint peaks, located 
at 1580.2 and 2726.3 cm-1. However, the Raman spectrum of the graphene on sapphire substrate had three peaks, 
located at 1361.5, 1592.7 and 2729.8 cm-1. The 1361.5 cm-1 peak was the so-called defect-induced D band, 
the1592.7 cm-1 peak was the in-plane vibration G band, and the 2729.8 cm-1 peak was the two-phonon 2D band [13]. 
Compared with HOPG, the Raman spectrum of the graphene on sapphire substrate shows the defect-induced D band, 
indicating that it contained defects, which may result from the surface dislocations, the corrugation, or the 
interaction of graphene with substrat. Moreover, the G and 2D bands of the sample has12.5 cm-1 and 3.5 cm-1 
Raman blueshift compared to that of HOPG, respectively. Compared with the graphene on 6H-SiC, the Raman 
spectrum of the graphene on sapphire had more obvious G and 2D signals but no any signal of SiC, which indicated 
that the quality of graphene on sapphire was better than that of graphene on 6H-SiC surface. And we attributed the 
good quality of graphene to the influence of the buffer SiC to graphene on sapphire was weaker than that of SiC 
crystal sbustrate to graphene on 6H-SiC. 
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Figure 4: The C NEXAFS spectra of HOPG (a), the graphene on sapphire (b) and SiC crystal (c) 
 
Figure 4 shows the C K-edge absorption spectra obtained for HOPG, the graphene on sapphire sample and SiC 
crystal measured using total electron yield detection mode and at a grazing angle of 40ewith the basal plane. 
Generally, the NEXAFS spectra for graphite are well characterized by a sharp 1sėʌ* peak at 285.5 eV, which is a 
fingerprint of sp2 hybridized C atoms, and characterized by the 1sėı* edge at 291.4 eV . Fig.4 (a) shows the main 
peak of HOPG at 285.5 eV (ʌ* resonance),which is associated with the conduction ʌ states around the M and L 
points of Brillouin zone, and peaks at 291.9 eV and 292.8 eV (ı1* and ı2* resonance) due to the dispersionless ı 
states at the point of the Brillouin zone [14, 15]. Obviously, the ʌ* peak and ı1*, ı2* peaks appeard in the the 
sample [Fig.4 (b)], which indicate that well-order sp2 hybridized C atoms existed on the sapphire substrate. 
According to the NEXAFS spectrum of SiC [Fig.4 (c)], the peak at 288.9 eV in the absorption spectrum of the 
sample of graphene on sapphire should come from C-Si band of SiC. Therefore, combined with the Raman, XPS 
and RHEED results, we can draw a conclusion that graphene layers have been successfully grown on sapphire 
substrate by use of SiC buffer layer. 
4. Conclusion 
We have presented a facile approach to epitaxial graphene on insulated sapphire substrate by using SiC buffer 
layer. The RHEED, Raman, XPS and NEXAFS results all reveal that graphene layers have successfully grown on 
sapphire substrate. And the graphene on sapphire had good quality. 
5. Acknowledgement 
This work is supported by the National Natural Science Foundation of China under Grant No. 50872128 and 
50802053. 
References 
[1]. A. K. Geim and K. S. Novoselov, Nature Mater. 6 (2007) 183. 
[2]. K. S. Novoselov et al., Science 306 (2004) 666. 
[3]. G. Eda, G. Fanchini and M. Chhowalla, Nat. Nanotechnol. 3 (2008) 270. 
884   J. Tang et al. /  Physics Procedia  32 ( 2012 )  880 – 884 
[4]. K. S. Kim et al., Nature 457 (2009) 706. 
[5]. A. Reina et al., Nano. Lett. 9 (2009) 30. 
[6]. D. V. Kosynkin et al., Nature 458 (2009) 872. 
[7]. J. Tang et al., Chin. Phys. Lett. 26 (2009) 088104. 
[8]. C. Berger et al., Science 312 (2006)1191. 
[9]. J. C. Li, P. Batoni and R. Tsu, Thin Solid Films 518 (2010) 1658. 
[10]. K. F. Wang et al., J. Vac. Sci. Tech. 25 (2005) 75. 
[11]. L. Kubler et al., Phys. Rev. B 72 (2005) 115319. 
[12]. A. C. Ferrari et al., Phys. Rev. Lett. 97 (2006) 187401 
[13]. E. B. Barros et al., Phys. Rev. B 71 (2005) 165422. 
[14]. R. A. Rosenberg et al., Phys. Rev. B 33 (1986) 4034. 
[15]. D. Pacilé et al., Phys. Rev. Lett. 101 (2008) 066806 
 
